Abstract: The objective of the present study was to examine if the mortality due to tuberculosis and cancer in the lungs was elevated in a cohort of 200 male whetstone cutters. 1955-1995 death certificatebased mortality data on the cohort were available, and the data were reviewed in the present study for mortality due to the two diseases to calculate standardized mortality ratios (SMR) in reference to the health statistics of Kyoto prefecture, where the cohort lived. Among the 200 cohort members, 99 men deceased during the observation period, the deaths including 10 cases of lung tuberculosis (of which 9 cases had silicosis together), 20 cases of all malignancies, and 6 cases of lung cancer (5 cases with silicosis). There was a significant elevation in the mortality due to lung tuberculosis (SMR=3.47) although SMR for all causes was not elevated (1.10). There was no significant change in SMR for all malignancies (0.78), whereas SMR for lung cancer (1.24) tended to be elevated although insignificantly. Lung tuberculosis was a significant complication of silicosis in 1955-1995. Possible elevation in lung cancer SMR among this cohort needs further studies.
traditionally engaged in mining and further processing of fine whetstone 5) . The population lived in a community in Kyoto City, Japan, and had health examinations on three occasions during the 40-year period, i.e., in 1952-6, 1980 and 1995 5) . When a member in the cohort deceased, a copy of the death certificate was obtained with consent of his family and the judicial authorities to confirm the cause of the death 5) . The prevalence of silicosis (Category 1 or more advanced in chest radiogram classification 6) ) at the beginning and the end of the follow-up period was 16% (among the 200 subjects) and 64% (among 70 survivors), respectively 5) . Information on smoking habits was available only on 23 men who were all survivors throughout the observation period. Among them, 8, 9 and 6 men were never, current and former smokers, respectively, so that the ever smoking rate was 65% [=(9+6) × 100/23], and the never smoking rate was 35% (=8 × 100/23). One each of the current smokers consumed up to 30 and 40 cigarettes/day. It was not certain, however, if generalization of the information on the limited group be allowed.
No data on intensity of dust exposure were available, but
Introduction
Tuberculosis as a complication of silicosis has been a historical focus of attention since last centuries 1) . In addition, the possible positive association between silicosis and lung cancer has been intensively discussed in recent years [2] [3] [4] . Fortyyear mortality data were available to this study group on 200 male whetstone cutters, for whom the causes of death were confirmed through death certificates 5) . Through reviewing of the database, trials were made to examine if the standardized mortality rates (SMR) were elevated for tuberculosis and cancer in the lungs among the whetstone cutters.
Materials and Methods

Population studied, and database
A database (covering a 40-year observation period of 1955 to 1995) was established on radiography, health records and mortality among 200 male whetstone cutters, who had been the best estimate from the silicosis prevalence 5) was such that the exposure was quite in excess of the current occupational exposure limit of 0.24 mg/m 3 for respirable dust containing SiO 2 by 50% 7) . Mining and other activities associated with dust exposure were essentially terminated shortly after the 1st health examination, when the survey was initiated in 1955 5) .
Data for mortality evaluation SMR was calculated in reference to the mortality rate for men in Kyoto Prefecture (in which the cohort community was) during 1955 to 1995. For this purpose, age-specific (by 5-year range) data on mortality due to all causes, all tuberculosis (total TB in brief; A15-A19 in WHO International Statistical Classification of Diseases and Related Health Problems, 10th Revision), tuberculosis of the respiratory system (lung TB; A15+A16), all malignant tumors (C1-C97), and cancer of the bronchus, bronchioles and the lungs (lung cancer; C33+C34) among the residents of Kyoto Prefecture in each year from 1955 to 1995 were cited from the annual health statistics reports 8) . In some years, the data given in the reports excluded the cases of deaths in Kyoto City (the prefectural capital), and the data were supplemented by the citation from corresponding reports from Kyoto City 9) . When necessary, missing data were supplemented by the extrapolation of the data for adjacent years.
Statistical analysis
Stat-View Version 5 was employed for statistical evaluation. The trend was tested after Cochran-Armitage.
Results
Numbers of survivors during the 40-year follow-up period
The follow-up survey was initiated with a cohort of 200 whetstone cutters, and the cohort size decreased gradually to reach a surviving population of 101 men (50.5%) with 99 deceased (49.5%) in the 40 years ( Table 1 ). The youngest and the oldest at the beginning, 15-and 70-year-old, were at the ages of 55 and 95 years at the end, with a shift in the mean age from 36.4 years to 68.8 years.
Tuberculosis and cancer of the lungs as the causes of death
SMR for selected causes of death are summarized in Table  2 . With regard to tuberculosis (TB), there were 10 cases of lung TB, of which 9 had silicosis together. There was no case of tuberculosis other than the lung TB. There were 20 cases of death due to various malignancies, including 6 cases of the cancer of the lungs (including the bronchus and bronchioles, but excluding the pleura). Among the 6 cases of lung cancer, silicosis was cited as a complication in the certificates of 4 cases. A Category 4B radiogram was available for the 5th case (although not described in the certificate) so that 5 cases (83%) out of the 6 lung cancer deaths had complication of silicosis. In addition, there were 5 and 6 cases of stomach cancer and malignancies in other organs of the gastrointestinal tract, respectively. Others were cases of malignancies of various organs. When compared with the numbers of expected death for men in Kyoto Prefecture during the same period (Table 2) , SMR for death of all causes among the cohort, 1.10, did not show significant change (P>0.10). In contrast, the ratio for lung TB, 3.47, was significantly (P<0.01) elevated. SMR for all malignancies, 0.78, was insignificantly (P>0.10) lower than 1, whereas the ratio for lung cancer, 1.24, tended to be slightly in excess of 1, but the elevation was not significant statistically (P>0.10).
A trial was made to correlate the lung TB death [as the first (1 case) or second cause of death (9 cases)] with radiogram category as an indicator of severity of silicosis (Table 3) . For this purpose, the latest radiogram classification (i.e., reading of the film taken nearest to the death among the films taken on three occasions at maximum in the years around 1955, 1980 or 1995) was taken as the representative classification. The test by Cochran-Armitage showed that the trend was of borderline significance (P=0.10). Further analysis with 22 silicosis death cases (excluding three cases for whom silicosis was given in the certificates but radiogram findings were not available), the distribution of those with lung TB complication was such as 3/3 (i.e., three cases with TB complication out of the three cases in the category), 2/9, 4/10 in Category 0, 1-2, and 3-4, respectively. The statistical analysis did not show a significant trend (P>0.10).
A similar analysis to correlate lung cancer death cases with radiogram categories (Table 3) showed that the distribution of the 6 cases was biased to higher categories, i.e., from 4.4% in Category 0 to 11.1% in Categories 3-4. In regard to 2 cases in Category 0 (Table 3) , the engagement of one case with whetstone work was short and there was no remarkable findings in the radiogram, whereas the radiogram of the other case was read as 0/1. Involvement of silicosis in remaining 4 cases was confirmed by radiographic findings. The trend was barely significant (P=0.06), statistically. 
Discussion
The present analysis in the causes of death of 99 cases among 200 silica-exposed male whetstone cutters from 1955 to 1995 made it clear that there was a significant elevation in the mortality due to lung TB (most of them in complication with silicosis) although SMR for all causes was not elevated, and that there was no elevation in SMR for all malignancies. SMR for lung cancer tended to be elevated but only insignificantly ( Table 2) .
The fact that the prevalence of tuberculosis (typically lung TB) increases as complication of silicosis has been well documented 1) , especially in studies on gold miners in South Africa 10) . As recently reviewed by Davies 11) , the prevalence of lung TB was closely associated with age and service duration of the workers 12) , as well as the progressed category in silicosis classification 13) . Such close association was observed also among workers in other countries and even in recent years. For example, 7 cases out of 37 silicosis patients had lung TB among North American industrial sand workers 14) , and one third of 141 granite-exposed silicosis patients in Singapore had a history of lung TB 15) . Similarly, an elevated mortality due to all tuberculosis (predominantly lung TB) was reported for compensated silicosis patients 16) as well as for copper miners 17) in Japan. The present observation of 9 silicotic cases among 10 lung TB subjects with significantly elevated SMR is in a close agreement with these findings, although the association with categories in chest radiograms was of borderline significance (Table 3) . Such elevation might be a reflection of high dust density coupled with poor hygienic conditions in the past, especially in the period earlier than mid-1950s 18) . Possible association of lung cancer with silicosis is a current focus of both medical and social attention. Whereas a significant increase in lung cancer mortality was not detected in never-smoking silicotics in some studies 19) , and the absence of association between lung cancer and exposure to crystalline silica was debated 20) , International Agency for Research on Cancer 2) , Japan Society for Occupational Health 3) and Committee on Pneumoconiosis and Lung Cancer 4) all concluded in the favor of positive association between silica exposure and cancer of the lungs, in agreement with the observations by various authors such as Forastiere et al. 21) , Hnizdo and Sluis-Cremer 22) , Amandus et al. 23) , Merlo et al. 24) , Hughes et al. 14) , and Steenland and Sanderson 25) . With regard to reports from Japan, Morinaga et al. 16) observed an elevated relative risk for lung cancer of 3.7 among compensated silicotics; although the effects of smoking habits on the cancer incidence were not clear, they estimated that the elevation was too high to be attributed to smoking habits alone. In confirmation of this estimation, Morinaga et al. 26) observed in a later study that the SMR for lung cancer among pneumoconiosis patients was 1.18 for never-smokers, 2.19 for former smokers and 3.09 for current smokers. Enami et al. 27) also observed up to two-fold elevation in the lung cancer prevalence among male retired ceramics workers. Possible confounding effects of smoking were however not discussed 27) . Ebihara and Kawakami 17) could detect a smoking habit-dependent increase in lung cancer SMR among male pneumoconiosis patients. Thus, SMR was 2.87, 3.48 and 3.88 for non-smokers, ex-smokers and current smokers, respectively, the increases in the ratios being all statistically significant (P<0.01). The observation that 6 cases of mortality due to lung cancer among the initial population of 200 men with SMR of 1.24 might suggest an elevation in lung cancer prevalence among the whetstone cutters, although the elevation was statistically insignificant. The difficulty with the present analysis is the fact that the smoking habits were known only of a small fraction of the cohort. Thus, it was considered not prudent to draw any solid conclusion from this study on the possible association between silicosis and lung cancer in the cohort.
